Abstract-The Wireless Sensor Network (WSN) is made up with small batteries powered sensor devices with limited energy resources within it. These sensor nodes are used to monitor physical or environmental conditions and to pass their data through the wireless network to the main location. One of the crucial issues in wireless sensor network is to create a more energy efficient system. Clustering is one kind of mechanism in Wireless Sensor Networks to prolong the network lifetime and to reduce network energy consumption. In this paper, we propose a new routing protocol called Fuzzy Based Energy Efficient Multiple Cluster Head Selection Routing Protocol (FEMCHRP) for Wireless Sensor Network. The routing process involves the Clustering of nodes and the selection of Cluster Head (CH) nodes of these clusters which sends all the information to the Cluster Head Leader (CHL). After that, the cluster head leaders send aggregated data to the Base Station (BS). The selection of cluster heads and cluster head leaders is performed by using fuzzy logic and the data transmission process is performed by shortest energy path which is selected applying Dijkstra Algorithm. The simulation results of this research are compared with other protocols BCDCP, CELRP and ECHERP to evaluate the performance of the proposed routing protocol. The evaluation concludes that the proposed routing protocol is better in prolonging network lifetime and balancing energy consumption.
I. INTRODUCTION
A wireless sensor network is one kind of energy constrained network. Wireless sensor networks are formed by a number of sensor nodes, which are powered by batteries. The replacement or recharging process of these batteries is very difficult. Sensor nodes are used to monitor environmental or physical conditions, such as temperature, sound, and motion, etc. Recent technological development in the Micro Electronic Mechanical system (MEMS) and wireless communication technologies have enabled the invention of tiny, low power, low cost, and multi-functional smart sensor nodes in a wireless sensor network. The transmission of a finite amount of information can be only supported by finite energy.
In twenty-first century, WSN have been widely considered as one of the most important technology. The most important factor in WSN is energy efficiency for prolonging network lifetime and also for balancing energy consumption. Routing is also an important factor that affects wireless sensor networks [1, 7] . One of the most restrictive factors on the lifetime of wireless sensor networks is the limited energy resources of the sensor nodes. Sensor nodes can be organized hierarchically by grouping them into clusters in order to achieve energy efficiency.
Previously, a several numbers of literatures have been done to improve energy efficiency of Wireless Sensor Networks. One of them is Low Energy Adaptive Clustering Hierarchy (LEACH) [3, 4] . It is a hierarchical protocol. Moreover, it uses single-hop routing that means every sensor node transmits information directly to the cluster head. Therefore, it is not recommended for large area networks. After that, some protocols BCDCP [7] , PEG-ASIS [8] , CELRP [10] and GPSR [11] are proposed to improve the energy efficiency of LEACH protocol using multi hop routing schema. Base-Station Control, Dynamic Clustering Protocol (BCDCP) [7] is a centralized routing protocol, which uses Minimal Spanning Tree (MST) [2] to connect to CH which randomly chooses a leader to send data to sink. BCDCP route data energy efficiency in small-scale network. A Cluster Based Energy Efficient Location Routing Protocol (CELRP) [10] is a location based routing protocol. It applies the Greedy algorithm to chain the cluster heads. In Power-Efficient Gathering in Sensor Information Systems (PEGASIS) [8] , each node can transfer data to only its nearby neighbor. It uses a greedy algorithm to form a chain of nodes. These protocols [7, 8, 10] use only one cluster head leader to transmit data to the base station. These protocols are not appropriate for large area networks. GPSR [11] is a position based routing protocol, which performed by using a geographic positioning system (GPS). Then a literature [14] is introduced the trust concept in GPSR and name T-GPSR. Recently, an improvement of T-GPSR is per formed in [15] . Some other position based protocols are Location Aided Routing Protocol (LAR) [12] and GRID [13] . A wide description of geography based routing protocol is found in [16, 17] . After that, some protocols ECHERP [5] , TEEN [6] and SHORT [9] are also proposed to improve energy efficiency of wireless sensor networks. Equalized Cluster Head Election Routing Protocol (ECHERP) [5] models the network field as a linear system. However, in this protocol, only a first level Cluster Heads can directly transmit data to the BS, so first level nodes will die first. Threshold Sensitive Energy Efficient (TEEN) is a protocol which designed for sudden changes in the sensed environment [6] . In TEEN, the sensor network architecture is designed hierarchically. It does not operate properly when the numbers of layers increases.
Energy consumption and network lifetime are the parameters to measure the energy efficiency of a wireless sensor network. In a network, which uses only one CHL to transmit aggregated data to the base station, the sensor nodes start to die in a very short round and also the nodes which are close to the base station die first. It causes to decrease network lifetime and imbalance energy consumption, which affects the energy efficiency of the whole network. It would be interesting to evaluate, how we can minimize the total energy consumption and prolong network lifetime of wireless sensor networks.
This research mainly focuses on multiple CHs and CHLs which are used in the large area network to transmit data to the base station and also in the data transmission process of the network. These CHs and CHLs are selected by using fuzzy logic. This study attempts to minimize the total energy consumption and prolong network lifetime of this large area network. This paper is structured as follows: Section II presents the methodology of proposed energy efficient routing protocol. Section III describes details about the network model of this protocol. Section IV illustrates details about the simulation of this study to analyses energy consumption and network lifetime. Section V shows simulation results and evaluates performance on network life time and energy consumption. Finally, Section VI represents a set of conclusions and the future works.
II. RESEARCH METHOD
Many literatures have been proposed based on singlehop routing [3] , multi-hop routing [5] [6] [7] [8] [9] [10] and fuzzy logic [19] [20] [21] [22] and also position based routing [10] [11] [12] [13] . However, these solutions depend on one elected CHL to directly transmit aggregated data to the BS. This dependency on only one CHL sharply decreases total resume energy of whole network.
This literature mainly follows [5, 7, 10] and introduces an energy efficient data transmission process based on multiple CHs and CHLs for WSN.
We study different simulation tools used in previous studies [16] [17] [18] [19] [20] [21] [22] . There are many simulation tools to simulate the proposed protocol. However, one of these simulation tools is selected based on the accuracy and minimum runtime complexity of these tools. Primarily, the simulation setup is performed by mapping the network field. After that, we select CHs and CHLs in the network field using Fuzzy Inference Engine and apply the Dijkstra algorithm to chain cluster members and CHs.
After finishing the simulation setup, we observe many simulation data. We use same simulation parameters which are previously taken by other protocols [5, 7, 10] to compare the simulation results and to evaluate the performance of this protocol. Moreover, we plot different graphs to show the comparison of the simulation results of this study and the other protocols [5, 7, 10] . From plotted graphs it shows that the proposed protocol is better than BCDCP, CELRP and ECHERP in prolonging the network lifetime and balancing energy consumption. A careful observation of these plots provides a quantitative measure of the energy efficiency of the new routing protocol.
III. NETWORK MODEL OF PROPOSED ROUTING PROTOCOL
The network model of this study is shown in Figure 1 . This routing protocol provides balance in the energy consumption and prolongs the network lifetime. The new routing protocol organizes clusters so that all the nodes can be included in these clusters. It chooses CHs for each cluster using Fuzzy logic, which is based on highest energy resume and minimum distance from the BS. In this protocol, the Dijkstra algorithm is applied to find a shortest energy path of each node. After that, it chains the cluster members and CHs according to shortest energy paths. Finally, cluster members; send data packets to the CHs. In this protocol, multiple CHLs are chosen by the BS using fuzzy logic based on highest energy resume and minimum distance from BS of each CH. Each CHL can transmit data directly or by other CHLs to the BS, depending on shortest energy path.
We simulate this network to analyze network lifetime, average residual energy and energy dissipation of this study. The simulation results show that, this protocol is better in prolonging network lifetime and balancing energy consumption compared to the BCDCP, CELRP and ECHERP. This section discusses the simulation of this study. The simulation takes place by using MATLAB. We use the Fuzzy Inference Engine to select CHs and CHLs. We also apply the Dijkstra algorithm to chain the cluster members according to their shortest energy path.
A. Network Field Mapping
As shown in Figure 2 , we design a network field with 100 nodes, which are randomly scattered in this sensing field with dimension (100m × 80m) and BS located at position (130,100). To compare the performance of the study with other protocols, we ignore the effect caused by signal collision and interference in the wireless channel. Table 1 summarizes the parameters used in our simulation. 
B. Clustering and Cluster Head Selection
In this protocol, Clustering has been done with the fuzzy clustering method and Cluster Heads have been selected by fuzzy logic based on both the energy resume and the distance from the Base-Station of a sensor node.
We use equations which are given in [10] to determine energy spent for transmission of a 1-bit packet from the transmitter to the receiver at a distance (d) is defined as:
E Tx is the energy dissipated in the transmitter of source node. The electronic energy E elec is the per bit energy dissipation for running the transceiver circuitry. The threshold distance d 0 can be obtained from:
And E Rx is the energy expanded to receive messages:
The distance (d) of node from one node to another node is calculated by following equation:
Energy cluster is the sum of energy in Cluster Heads:
Where, k i indicates the number of member nodes in the cluster heads. E Tx (l, d) indicates energy transmission. E Rx (l) indicates energy receiver and E DA indicates energy of data aggregation.
B1. Fuzzy Membership Functions Implementation
Membership functions [19, 20] of the fuzzy system parameters to determine the cluster heads are shown in Figures 3 (a) , (b) and (c). 
B2. Fuzzy Rules Generation
To find the possibility of a node to be a CH, it needs to assign Fuzzy Rules for all possible inputs. Table 2 shows these Fuzzy Rules. The Table 2 shows that a sensor node that has a greater distance from the base station and less residual energy has the lowest possibility to be a CH. On the other hand, a sensor node that has a lower distance from the base station and high residual energy has the highest possibility to be a CH. As shown in Figure 4 , we implement fuzzy rules and find the possibility of each node to be a CH. We select a node as a CH which has the maximum possibility among all cluster members. Then we also select CHLs among all CHs using the same process.
C. Data Transmission Process
The cluster members are chained by finding a shortest energy path of each member. These shortest energy paths are selected by applying the Dijkstra algorithm to transmit data from each cluster member to CH and then all CHs to the CHLs in the network field. Finally, CHLs send data to the BS according to their shortest energy paths.
V. RESULT AND ANALYSIS
We technically simulate this protocol by Fuzzy Inference Engine as shown in Figures 3 and 4 The network field scenario after round 200 and 300 are shown in Figure 6 (a) and (b) respectively. Figure 6 (a) shows CHs of different clusters and CHLs of the network in round 200. It also shows CH nodes and CHL nodes are changed based on their highest resume energy and minimum distance from the base station using fuzzy logic and fuzzy rules. Figure 6 (b) also shows CHs of different clusters and CHLs of the network in round 300. The changes of CH nodes and CHL nodes also take place in this round.
A. Performance Evaluation of FEMCHRP Protocol
The results of this study are compared with BCDCP, CELRP and ECHERP protocol in the same heterogeneous setting to evaluate the performance of the study. We use three matrices to analyze and compare the results: Network lifetime, Energy dissipation and Energy resume. We define the network lifetime as the number of rounds made by a node to the first node exhausts all of its energy in the network. One round defines the operation beginning of the cluster formation up until the final BS receives all data from the CHLs.
A1. Average Energy Dissipation for Several Rounds
In WSN, the average energy dissipation is an important measurement to compare the protocols. In this subsection, a graph is shown in Figure 7 is performed to calculate the average energy dissipation over several rounds. We observe that, the protocol significantly reduces energy consumption. Since it uses an alternative method to select the CH based on the location and the residual energy of nodes. Moreover, the uses of multi hop for transmission data in each cluster also resulted in a more efficient energy usage and less consumption of energy for both intra and inter cluster data transmission in our protocol.
The line graph of Figure 7 shows that the reduction in the average energy dissipation can be obtained by about 48% higher than BCDCP, 41% than ECHERP and 36% than CELRP which means that the FEMCHRP consumes about 48% less than BCDCP, 41% than ECHCRP and 36% less than CELRP. The graph curve also shows that the dissipation that varies between rounds of FEMCHRP is higher than BCDCP, CELRP and ECHERP. According to the discussion, the protocol shows a better performance than BCDCP, CELRP and ECHERP in terms of energy consumption.
A2. Number of Nodes Alive over Several Rounds
Another important issue in WSN is the number of nodes alive over several rounds. In this subsection, the Figure 8 presents the number of lifetimes of nodes which means the numbers of round until the first node dies for our protocol. Figure 8 also shows that it is higher than BCDCP, CELRP and ECHERP.
We also note that the lifetime starts decreasing at round 150 in BCDCP, at round 200 for ECHERP and at round 320 for CELRP while in the case of FEMCHRP the decrease only starts after more than 410 rounds. We calculated that in BCDCP the node died, 39% faster, in ECHERP the node died, 27% faster and in CELRP the node died 17% faster than FEMCHRP. That means an average number of live sensor nodes in FEMCHRP is 39% higher than BCDCP, 27% higher than ECHERP and 17% higher than CELRP. Therefore, it has been shown that FEMCHRP is better in prolonging network lifetime compared to the BCDCP, CELRP and ECHERP. It should also be noted that the graph of FEMCHRP is smoother than the BCDCP, CELRP and ECHERP.
A2. Average Residual Energy in Several Rounds
We measure the average residual energy of our network and compared these results to BCDCP, CELRP and ECHERP. We observe that the residual energy of the network is higher than other protocols. Figure 9 represents that the reduction in average energy residual can be obtained by 42% higher than BCDCP, 22% than ECHERP and 10% than CELRP which means that the FEMCHRP consumes about 42% less energy than BCDCP, 22% less than ECHERP and 10% less than CELRP. Figure 9 also shows that the dissipation that varies between rounds of the protocol is higher than BCDCP, CELRP and ECHERP. Therefore, it has better performance than BCDCP, CELRP and ECHERP in terms of energy efficiency as well as able to prolong the network lifetime of sensor nodes. After observing and analyzing different simulation results, we get a set of decisions which can make this protocol better than BCDCP, CELRP and ECHERP. These decisions lead to the conclusion.
IV. CONCLUSION
In this paper, we present a set of observations with regard average energy dissipation, network lifetime and average residual energy of the proposed network. The recapitulations of this study are discussed below. First, this network consumes less energy to transmit total aggregated data to the Base Station than other protocols. Its average energy dissipation is much lower than BCDCP, CELRP and ECHERP. Second, the network lifetime starts decreasing after more than 410 rounds, which is much higher than other protocols and means that this protocol is better than other protocols in terms of network lifetime. Finally, the average residual energy of the study is high which also means that it transmits more data than other protocols. It also concludes that, this proposed protocol is an energy efficient protocol, which prolongs the network lifetime effectively.
The future work can be addressed as to consider the delay of the system. In addition, we also plan to design a heterogeneous network where it can have several BaseStations that communicate together and use this protocol which selects multiple Cluster Heads using fuzzy logic and uses these Cluster Heads to transmit data to the Base Stations.
